PAT -NO: 



JP02001093882A 
JP 2001093882 



DOCUMENT - 
IDENTIFIER : 



TITLE : 



TEMPERATURE MEASURING DEVICE AND VACUUM 
TREATING DEVICE EQUIPPED WITH THE SAME 



PUBN-DATE : 



April 6, 2001 



INVENTOR - INFORMATION : 



NAME 



COUNTRY 



TAMAGAWA, KG I CHI N/A 
KONDO, TOMOYASU N/A 
NAKAJIMA, KOICHI N/A 
KODAIRA, SHUJI N/A 
MORIMOTO, NAOKI N/A 

ASSIGENEE - INFORMATION : 

NAME COUNTRY 

ULVAC JAPAN LTD N/A 

APPL-NO: JP11268328 
APPL-DATE: September 22, 1999 

INT-CL H01L02X/3065 , G01J005/02 , M^MM , 

(IPC) : HQ 1^02:1/ 6 6. 

ABSTRACT : 

PROBLEM TO BE SOLVED: To provide a technique for 
accurately measuring the temperature of a substrate during 
vacuum treatment . 



10/1 1/05, EAST Version: 2.0.1.4 



SOLUTION: A substrate placing plate 14 is provided with 
a hole 5, so that an optical path body 4 can be inserted 
and arranged- The upper top end part of the optical path 
body 4 is arranged, so as not to be brought into contact 
with a substrate 12 on the substrate-placing plate 14, the 
lower part of the optical path body is derived airtightly 
outside a vacuum tank 11, and an infrared detector 6 is 
mounted on the end top part. Infrared rays emitted from the 
back face of the substrate 12 are received by an infrared- 
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The infrared detector 6 is provided with an infrared- 
transmitting part 62, and the emissivity of the substrate 
12 is calculated from the quantity of the infrared rays 
reflected on the back face of the substrate 12, so that the 
temperature can be measured exactly, 
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(54) TEMPERATURE MEASURING DEVICE AND VACUUM TREATING DEVICE 
EQUIPPED WITH THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a technique for 
accurately measuring the temperature of a substrate 
during vacuum treatment. 

SOLUTION: A substrate placing plate 14 Is provided with 
a hole 5, so that an optical path body 4 can be inserted 
and arranged. The upper top end part of the optical path 
body 4 is arranged, so as not to be brought into contact 
with a substrate 12 on the substrate-placing plate 14, the 
lower part of the optical path body is derived airtightly 
outside a vacuum tank 1 1 , and an infrared detector 6 is 
mounted on the end top part. Infrared rays emitted from 
the back face of the substrate 12 are received by an 
infrared-receiving part 61 in the infrared detector 6, so 
that the temperature of the substrate 12 can be 
measured accurately. The infrared detector 6 is provided with an infrared-transmitting part 62, 
and the emissivity of the substrate 12 is calculated from the quantity of the infrared rays 
reflected on the back face of the substrate 12, so that the temperature can be measured 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention starts the technical field which performs the thermometry of the 
substrate under vacuum processing, and relates to the technique of performing a thermometry especially 
using infrared radiation. 
[0002] 

[Description of the Prior Art] In recent years, since a semiconductor device makes it **** detailed and 
the substrate (wafer) of the diameter of macrostomia is used, the technique which controls a process to a 
precision is searched for. In order to control a process in a vacuum ambient atmosphere, the technique 
which acts as the monitor of the temperature of a substrate correctly is needed. 
[0003] Explanation of the temperature monitor approach of the conventional technique shows the 
etching system 1 10 to drawing 2 as an example of the vacuum processor of the conventional technique. 
This etching system 1 10 has the vacuum tub 111, and the electrostatic adsorber 1 14 is arranged on the 
bottom wall of this vacuum tub 1 1 1 , 

[0004] The electrostatic adsorber 1 14 has dielectric materials 121 and the electrostatic adsorption 
electrodes 1221 and 1222 of the positive/negative embedded in these dielectric materials 121. It 
connects with the power source 13 1 arranged out of the vacuum tub 111, and each electrostatic 
adsorption electrodes 1221 and 1222 are constituted so that a forward electrical potential difference and 
a negative electrical potential difference may be impressed, respectively, 

[0005] The hole 105 is formed in dielectric materials 121, and infrared detection equipment 106 is 
arranged in this hole 105. This infrared detection equipment 106 is connected to the body 107 of a 
measuring device arranged out of the vacuum tub 1 1 1 . 

[0006] If etching gas is introduced from a gas feed system 1 13 and an electrical potential difference is 
impressed to the cathode electrode 123 after arranging the cathode electrode 123 and carrying out 
evacuation of the inside of the vacuum tub 1 1 1 to the head-lining side of the vacuum tub 1 1 1, it is 
constituted so that the plasma may be generated by about 123 cathode electrode. 
[0007] A sign 1 12 is the substrate of a processing object and is arranged on the electrostatic adsorber 
1 14. The heater which is not illustrated is arranged in the electrostatic adsorber 1 14, and it is heated by 
predetermined temperature at the heater. 

[0008] If about 123 cathode electrode is made to generate the plasma where a substrate 112 is laid on the 
electrostatic adsorber 1 14, substrate 1 12 front face will be put to the plasma, and etching of substrate 
1 12 front face will be performed by the etching gas activated in the plasma. 

[0009] If infrared detection equipment 106 approaches the rear face of a substrate 112, and is arranged, a 
substrate 1 12 carries out a temperature up and infrared radiation is emitted from substrate 112 rear face, 
the infrared radiation will be detected by infrared detection equipment 106. If a detection result is 
transmitted to the body 107 of a measuring device, the temperature of a substrate 1 12 will be measured 
with the body 107 of a measuring device. As mentioned above, if the infrared radiation emitted from 
substrate 1 12 rear face is detected, it will become possible to perform a thermometry also about the 
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substrate 1 12 under vacuum processing of etching etc. 

[0010] However, the reinforcement of the infrared radiation emitted from the substrate of the measuring 
object serves as a value which changes with factors, such as high impurity concentration in a substrate, a 
configuration on the front face of a substrate, and classes (a metal membrane, silicon oxide, etc.) of thin 
film currently formed. Therefore, when measuring the temperature of two or more substrates, even if the 
infrared reinforcement emitted and detected from each substrate is the same value, the temperature of a 
substrate is not necessarily equal. 

[001 1] So, with the conventional technique, a thermocouple is attached in the substrate of the same class 
as the substrate which actually performs vacuum processing, before starting a process. The temperature 
which carries in the substrate in the vacuum tub 111, and performs a thermometry with a thermocouple 
and infrared detection equipment 106, and the body 107 of a measuring device shows, It asks for 
relation with the temperature which the thermocouple measured beforehand, and he amends from the 
relation placed beforehand in quest of the temperature which the body 107 of a measuring device shows, 
and was trying to acquire exact temperature in an actual process. 

[0012] However, the measurement which used the thermocouple for every class of substrate is needed, 
and the above approaches are complicated. 

[0013] Moreover, it is known for the case where the substrates of a measuring object object are the case 
where infrared wavelength is 1.0x10 - 6 or more m in a case at a silicon single crystal, and less than 
1 .0x10 - 6m that the permeabihty of a substrate will change a lot. 

[0014] The graph shown in drawing 3 shows the temperature of a silicon substrate, and the relation of 
emissivity. When wavelength is larger than 1 .0x10 to 6 m, and a substrate is low temperature, it is 
especially shown that it will be in a translucent condition. 

[0015] thus, since a substrate will be in a translucent condition to infrared radiation with larger 
wavelength than 1.0x10 to 6 m, the infrared radiation which the plasma formed in the substrate front 
face emits will penetrate a substrate. In this case, when the infrared detection equipment 106 arranged at 
the substrate rear face detects that infrared radiation, there is a problem of it becoming impossible for the 
temperature of a substrate 1 12 to measure correctly. 

[0016] On the other hand, when it is going to measure the infrared radiation of less than 1.0x10 - 6m of 
wavelength with which a substrate 1 12 will be in an opaque condition, the reinforcement of the infrared 
radiation emitted from a substrate 1 12 is low, and in order for the infrared radiation emitted from the 
electrostatic adsorber 1 14 to invade in infrared detection equipment 106 and to bring about a 
measurement error, with the above infrared detection equipments 106, there is a problem that substrate 
temperature cannot be measured with a sufficient precision. 
[0017] 

[Problem(s) to be Solved by the Invention] It is created in order that this invention may solve un- 
arranging [ of the above-mentioned conventional technique ], and the purpose is in offering the 
technique which can measure substrate temperature with a sufficient precision during processing in a 
vacuum ambient atmosphere. 
[0018] 

[Means for Solving the Problem] It is a thermometer using a radiation thermometer having relation with 
the fixed property of the electromagnetic wave emitted from a measuring object object as the 
temperature of a measuring object object. The electromagnetic wave emitted from the front face of a full 
radiator (blackbody) is expressed with the formula of the following plank as known well. 
[0019] 
[Equation 1] 
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[0020] The spectral radiance of blackbody is shown in the graph of drawing 4 . This drawing shows the 
following things. 

(1) Thermal radiation energy decreases, so that temperature is low. 

(2) Wavelength distribution of thermal radiation energy shifts to a long wavelength side, so that 
temperature becomes low. 

[0021] If an actual measuring object object is an imperfect radiator and the emissivity of the measuring 
object is set to epsilon, T is the following formula and L (lambda, S) the indicated temperature S of the 
appearance of a radiation-temperature form, and whenever [ actual temperature ]. = It is connected by 
epsilon-L (lambda, T). Therefore, if the indicated temperature S and emissivity epsilon of wavelength 
lambda and a measuring object object are known, it can ask for T whenever [ actual temperature / of a 
measuring object object ]. 

[0022] On the other hand, the relation of a degree type between the absorption coefficient alpha of a 
measuring object object, and a reflection factor rho and permeability tau is, 

alpha + rho + tau = 1 [0023] According to the principle of Kirchhoff in thermal radiation equilibrium, 
the emissivity epsilon of the matter is equal to an absorption coefficient alpha. Furthermore, when a 
measuring object object is opaque, since it is tau= 0, emissivity epsilon can be expressed with the 
following formula. 

epsilon(=alpha) = 1 - rho [0024] If the permeability tau of a measuring object object is zero and the 
reflection factor rho of a measuring object object will be measured to the infrared wavelength used for 

measurement after all, it can ask for emissivity epsilon. 

[0025] In order to perform measurement of a reflection factor rho, and the thermometry based on 
emissivity epsilon, the technique of leading the infrared radiation which a measuring object object 
reflects or emits to a photo detector is needed. 

[0026] Invention which this invention applied the technique based on the above-mentioned knowledge 
to the process in a vacuum ambient atmosphere, and was indicated by the claim 1 is substrate 
installation equipment, is inserted into the substrate installation base where the substrate of a processing 
object is laid in a front face, the hole prepared in said substrate installation base, and the aforementioned 
hole, and is characterized by to have the optical-path object of the infrared radiation with which the end 
has been arranged near [ said ] the substrate front face. Invention according to claim 2 is substrate 
installation equipment according to claim 1, and if an electrostatic adsorption electrode is prepared in the 
interior of said substrate installation base and an electrical potential difference is impressed to said 
electrostatic adsorption electrode, it will be characterized by being constituted so that the electrostatic 
adsorption of the laid substrate can be carried out. Invention according to claim 3 is substrate installation 
equipment of claim 1 or claim 2 given in any 1 term, and is characterized by forming a heater in the 
interior of said substrate installation base. Invention according to claim 4 is thermometry equipment 
which has the substrate installation equipment and infrared detection equipment of claim 1 thru/or claim 
3 given in any 1 term, and said infrared detection equipment is characterized by being attached in the 
edge where said substrate front-face side of said optical-path object is opposite. Invention according to 
claim 5 is thermometry equipment according to claim 4, is emitted to said infrared detection equipment 
from the measuring object object laid on said substrate installation base, and is characterized by 
preparing the infrared light sensing portion which detects the infrared radiation which carried out 
incidence to said optical-path object. Invention according to claim 6 is thermometry equipment 
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according to claim 5, and said infrared light sensing portion is characterized by being constituted so that 
the infrared radiation of wavelength with which the emissivity of said measuring object object becomes 
0.6 or more can be detected. Invention according to claim 7 is thermometry equipment of claim 5 or 
claim 6 given in any 1 term. An infrared emitter part is prepared in said infrared detection equipment, 
and the infrared radiation injected from said infrared emitter part is irradiated by said measuring object 
object through said optical -path object. It is characterized by being constituted so that the reflective 
infrared radiation reflected by said measuring object object may be received by said infrared light 
sensing portion through said optical -path object. Invention according to claim 8 is thermometry 
equipment according to claim 7, and said infrared emitter part is characterized by being constituted so 
that the infrared radiation of wavelength with which the emissivity of said measuring object object 
becomes 0.6 or more may be injected. In the case of this claim 8 or claim 6, when a measuring object 
object is a silicon substrate, as infrared radiation with which emissivity is set to 0.6, the infrared 
radiation of less than 1.0x10 - 6m has good wavelength. Invention according to claim 9 is thermometry 
equipment of claim 7 or claim 8 given in any 1 term, and is characterized by consisting of a detection 
result of said reflective infrared radiation, and a detection result of the infrared radiation emitted from 
said measuring object object so that the temperature of said measuring object object may be searched 
for. Invention according to claim 10 has thermometry equipment of a vacuum tub, and claim 4 thru/or 
claim 9 given in any 1 term, it is the vacuum processor with which said substrate installation equipment 
has been arranged in said vacuum tub, the edge where said substrate front-face side of said optical-path 
object is opposite is airtightly drawn out of said vacuum tub, and it is characterized by having arranged 
said infrared detection equipment out of said vacuum tub. 

[0027] If this invention is constituted as mentioned above, the infrared optical-path object is arranged in 
the hole of a substrate installation base and a substrate is laid on a substrate installation base, he is trying 
to locate the tip of an optical-path object in the rear face of a substrate in the condition of having 
contacted non-contact or very lightly. 

[0028] If the infrared radiation which a substrate installation base emits trespasses upon the interior from 

the tip of an optical -path object, it will become an error on measurement. When the heater is formed in 

the interior of a substrate installation base, generation of heat of a heater becomes an error. 

[0029] Therefore, as for an optical-path object tip and a substrate rear face, it is desirable that it is close 

as much as possible in the non-contact condition, or is lightly in contact. If it constitutes so that it may 

contact, when an optical-path object tip will be polluted, it is desirable to change into a non-contact 

condition. 

[0030] Since it is necessary to attach infrared detection equipment in a part for the lower limit section 
point of an optical-path object, it is good for it to draw the optical-path object lower limit section 
airtightly out of a vacuum tub, and to place infrared detection equipment into an atmospheric-air 
ambient atmosphere. 

[003 1 ] Moreover, since it is necessary to measure the reflection factor rho of a substrate in order to 
measure the emissivity epsilon of the substrate which is a measuring object object, it is good to receive 
the reflective infrared radiation which prepared the infrared emitter part constituted from light emitting 
diode etc. in infrared detection equipment, irradiated infrared radiation at the substrate rear face through 
the optical-path object, and was ****(ed) by reflection through an optical-path object. It is good to 
measure the infrared radiation which prepares an infrared light sensing portion for light-receiving, and a 
measuring object object emits, and reflective infrared radiation according to coincidence or an 
individual, 

[0032] It is good for measurement to eliminate the effect of the infrared radiation which penetrates a 

substrate using the infrared radiation of less than 1.0x10 - 6m of wavelength. 

[0033] 

[Embodiment of the Invention] The operation gestalt of this invention is explained using a drawing. 
With reference to drawing 1 , a sign 10 is an example of the vacuum processor of this invention, and the 
etching system is illustrated here. 

[0034] This vacuum processor 10 has the vacuum tub 1 1, and the substrate installation equipment which 
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has the substrate installation base 14 is arranged on the vacuum tub 1 1 bottom wall. The electrostatic 
adsorber is used for this substrate installation base 14, and it has the dielectric 21 of electric insulation. 
Near the front face in a dielectric 21, the electrostatic adsorption electrodes 221 and 222 of two sheets 
are formed, and the heater 28 is formed in the lower part location in a dielectric 21. 
[0035] The cathode electrode 23 is formed in the head-lining side in the vacuum tub 1 1, and cathode 
electrode 23 front face and substrate installation base 14 front face are arranged so that it may become 
parallel. Power sources 31-33 are arranged in the exterior of the vacuum tub 1 1, and the electrostatic 
adsorption electrodes 221 and 222, the heater 28, and the cathode electrode 23 are connected to power 
sources 31-33, respectively. 

[0036] The vacuum tub 1 1 is connected to touch-down potential, and the electrostatic adsorption 
electrodes 221 and 222 are constituted so that a forward electrical potential difference and a negative 
electrical potential difference may be impressed according to a power source 3 1, respectively. 
[0037] When a substrate 12 is laid on the substrate installation base 14 and an electrical potential 
difference is impressed to the electrostatic adsorption electrodes 221 and 222, electrostatic adsorption of 
the substrate 12 is carried out on substrate installation base 14 front face, and it will be in the condition 
that thermal conductivity is very high, between the substrate installation base 14 and a substrate 12. 
[0038] Moreover, it consists of ingredients with high thermal conductivity, and if a substrate 12 
energizes at a heater 28 and makes it generate heat where electrostatic adsorption is carried out, as for a 
dielectric 21, a substrate 12 will be heated quickly. 

[0039] The through tube 5 is formed in the dielectric 21, and the optical-path object 4 is inserted in the 
interior. The optical -path object 4 is the so-called optical fiber, and is constituted by the rod of a 
cylinder-like quartz. This optical-path object 4 is formed in the internal surface of the circular through 
tube 5, and the magnitude which approaches as much as possible. 

[0040] When a part for the up point of the optical -path object 4 is arranged in the location lower than the 
front face of the substrate installation base 14 which consisted of dielectrics 21, therefore a substrate 12 
is laid in substrate installation base 14 front face, the amount of [ of the optical-path object 4 ] up point 
contacts the rear face of a substrate 12. 

[0041] A part for the up point of the optical-path object 4 is arranged so that substrate 12 rear face may 
be approached in the non-contact condition, and he is trying to set substrate 12 rear face and spacing for 
an optical-path object 4 up point (difference of the height of substrate installation base 14 front face and 
the optical-path object 4) to about 0.2mm - 1.0mm here. 

[0042] The optical-path object 4 is airtightly inserted in the bottom wall side of the vacuum tub 1 1, the 

lower limit section is drawn by the exterior of the vacuum tub 1 1, and infrared detection equipment 6 is 
attached in a part for the point. A part for the lower point of infrared detection equipment 6 and the 
optical -path object 4 is held in the housing 8, and the code which connects infrared detection equipment 
6 to the body 7 of a measuring device is drawn from the housing 8, 

[0043] The optical-path object 4 is passed and it is reflected with the rear face of a substrate 12, and if 
the reflective infrared light passes the optical -path object 4, the infrared radiation which the infrared 
light sensing portion 61 and the infrared emitter part 62 are formed in infrared detection equipment 6, 
and the infrared emitter part 61 emitted is constituted so that incidence may be carried out to the infrared 
Ught sensing portion 62, 

[0044] When carrying out etching processing of the substrate 12 using such a substrate installation base 
14, first, the inside of the vacuum processor 10 is beforehand made into a vacuum ambient atmosphere, 
a substrate 12 is laid on the substrate installation base 14 (heated beforehand) as mentioned above, and 
the quantity of light of the infrared radiation of the 0.95x10 to 6 m wavelength which carries out 
incidence of the substrate 12 to the infrared light sensing portion 61 in the condition of not carrying out 
electrostatic adsorption is measured using the body 7 of equipment. 

[0045] Since the temperature of the substrate installation base 14 is higher than the temperature of a 
substrate 12 at this time, the quantity of light (the amount of background) of the infrared radiation 
emitted from the substrate installation base 14 becomes larger than the quantity of light of the infrared 
radiation emitted from a substrate 12. Therefore, infrared light income here can be made into the amount 
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of background. 

[0046] Next, if electrostatic adsorption is carried out on the substrate installation base 14, since heat 
conduction between a substrate 12 and the substrate installation base 14 will become good, a substrate 
12 is heated at a heater 28 and carries out the temperature up of the substrate 12, and in connection with 
it, the amount of the infrared radiation emitted from a substrate 12 increases. 

[0047] After a substrate reaches laying temperature (here 200 degrees C) in general, the quantity of light 
of the infrared radiation of the 0.95x10 to 6 m wavelength which carries out incidence to the infrared 
Ught sensing portion 61 is measured. The measurand at this time becomes a value adding the quantity of 
light and the amount of background of the infrared radiation which a substrate 12 emits. 
[0048] By deducting the quantity of light (the amount of background) measured without the 
aforementioned electrostatic adsorption from this measurand (the amount of infrared radiant-quantities + 
background from a substrate 12), the infrared radiant quantities from a substrate 12 are calculated. 
[0049] Electrostatic adsorption is carried out on substrate installation base 14 front face, the substrates 
12 of the difference of the temperature of a substrate 12 and the temperature of the substrate installation 
base 14 are few, and since optical-path object 4 tip is close to substrate 12 rear face, its quantity of light 
which the infrared radiation emitted from the substrate installation base 14 reflects with the substrate 12 
rear face, and carries out incidence into the optical-path object 4 is slight. Therefore, with the 
thermometry equipment which has this optical-path object 4, the quantity of light of the background is 
very small. 

[0050] After measuring the amount of infrared emission from a substrate 12, make the infrared radiation 
of 0.95x10 to 6 m wavelength inject from the infrared emitter part 62, it is made to reflect with the 
substrate 12 rear face, and the reflective infrared light ****(ed) by reflection is detected by the infrared 
light sensing portion 61. A reflection factor is the following type and a reflection factor. = Since it 
defines as the amount of reflective infrared light / the amount of injection infrared light, if it asks for a 
reflection factor, emissivity epsilon is the following type and emissivity epsilon. It asks with a = 1- 
reflection factor. 

[0051] Whenever [ actual temperature / of a substrate 12 ] is calculated from the emissivity epsilon 
called for here and the amount of infrared emission from the substrate 12 called for from die above- 
mentioned measurement. 

[0052] The temperature of a substrate 12 is supervised repeating measurement of the above emissivity 
epsilon, and measurement of the amount of infrared emission from a substrate 12 by turns, and 
performing them, and temperature control of a substrate 12 is performed by controlling the amount of 
energization to a heater 28. Here, a maximum of 30 thermometries are performed in 1 second. 
[0053] While introducing etching gas from a gas feed system 13 in the place as for which the substrate 
12 carried out the temperature up to predetermined temperature, impress an electrical potential 
difference to the cathode electrode 23, and ****** 12 front face is made to generate the plasma, and a 
sub strate 1 2 i s etched . 

[0054] It carries out by repeating measurement of the emissivity epsilon of a substrate 12, and 
measurement of the amount of infrared emission also in the midst of etching, and if the amount of 
energization to a heater 28 is controlled so that the temperature of a substrate 12 becomes fixed, accurate 
etching processing can be performed. 

[0055] Since the thermometry of a substrate can be performed in parallel to processing during vacuum 
processing within the vacuum processor 10 according to this invention as explained above, exact 
temperature control can be performed. Moreover, since emissivity epsilon can be measured for every 
substrate, a measurement result is exact. 

[0056] In addition, in the above-mentioned example, although the rod of quartz nature was used for the 
optical -path object, the rod of sapphire may be used. What is necessary is just the ingredient which, in 
short, does not attenuate the infrared radiation which the substrate rear face emitted or reflected. 
[0057] Moreover, in the above-mentioned example, although the infrared radiation of 0.95x10 to 6 m 
wavelength was used to the silicon substrate, when the measuring object object is constituted by other 
ingredients, such as a gallium and an arsenic substrate, infrared wavelength can be changed. 
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[0058] Furthermore, although the above-mentioned vacuum processor 10 was an etching system, the 
vacuum processor of this invention contains widely the vacuum processor which processes a substrate in 
vacuum ambient atmospheres, such as a sputtering system, a CVD system, and vacuum evaporationo 
equipment, again. 
[0059] 

[Effect of the Invention] Substrate temperature can measure correctly also in vacuum processing. Since 
emissivity can be measured for every substrate, the temperature of various substrates can be measured 
correctiy. 



[Translation done.] 
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